• Injecting hot fluid during the expansion raises the cell pressure and increases the power output.
• Effects of the supercharging on the angular pressure evolution are emphasized.
• Benefits in the additional mechanical power output range from 43% to 70%.
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A B S T R A C T
This study presents a novel strategy to enhance the recovery performance of any positive displacement expander technology which aims at the maximization of the power output rather than solely its efficiency. The approach is based on an auxiliary injection of fluid under the same suction conditions as the main intake but during the closed volume expansion phase. The operating principle of the supercharging technology is firstly outlined in theoretical terms, while the benefits over a conventional configuration are numerically assessed with reference to a sliding vane expander for applications based on Organic Rankine Cycles (ORC). The holistic modelling platform used for the benchmarking is preliminarily validated over an experimental campaign in which the vane expander was installed in a heavy-duty automotive ORC system and generated up to 1.9 kW (3% of the engine mechanical power) with an overall efficiency of 51.2%. After the simulation platform is validated, the auxiliary intake line is parameterized in terms of four geometrical quantities and the effects of the supercharging with respect to baseline angular pressure trace are shown. An optimization based on a genetic algorithm is eventually performed and the resulting optimized design led to an average mechanical power increase of 50.6%.
Introduction
The need for lowering the environmental impact of transportation is of paramount importance and nowadays it is a concern of global exposure. In this context, the interest shown in the development of automotive heat to power conversion systems based on Organic Rankine already developed in sectors like the refrigeration one. However, an automotive application involves additional challenges that do not apply in stationary ORC-based energy recovery systems, such as weight, system integration and energy flow management [4] . In fact, the weight of the ORC system, which also depends on the plant layout complexity, is a parameter that not only affects the overall cost of the energy recovery unit but also the net overall benefits achievable [5] . In this regard, an industrial rule of thumb states that an additional weight of 100lbs decreases the fuel economy by approximately 1%. Moreover, the integration of the ORC equipment with the engine and vehicle architectures involves design challenges from different perspectives: positioning of components, effects on the engine operation (e.g. evaporator back-pressure [6] ), control of the ICE + ORC super-system [7] . Finally yet importantly, the introduction of a heat to power conversion unit highly changes the overall engine and vehicle energy balance. For instance, more thermal power is dissipated at low temperatures since the heat rejection related to the engine cooling and lubrication circuits is increased by the heat duty of the ORC condenser. Furthermore, the input power for the pressurization of the working fluid has to be provided by the engine either in mechanical or electrical form; similarly for the output power delivered from the expander to the engine [8] .
All these considerations affect the selection and the design of the expansion technology for an automotive ORC system. The amount of literature in this topic is continuously increasing and a comprehensive bibliographic survey is beyond the scope of the current research work. Nevertheless, it is worth to mention that automotive ORC expanders are usually differentiated for their operating principle, namely turbo (radial or axial) or positive displacement expanders (scroll, piston, swashplate, gerotor, single and twin screw etc.) [9, 10] . Compared to other positive displacement technologies, sliding vane machines are analyzed to a limited extent in the literature as well as in terms of industrial market share. For instance, out of 100 new compressors sold worldwide only the 20% is not a screw compressor [11] . The first appearance of a multi vane expander for exhaust waste heat recovery dates back to 1979 and was introduced by Robertson and Eckard [12] . As a preliminary phase, they built and tested multiple prototypes using several working fluids available at that time: output power ranged from 7 kW to 22 kW while inlet temperatures reached up to 340°C. Afterwards, they proposed a conceptual design of an ORC system with multi vane expanders using the exhaust gases of a Mack Truck 676 Diesel Engine as the upper thermal source and claiming a recovery potential from 10% to 14% with reference to Fluorinol-50 at 17 bar and 315°C. Subsequently, Badr et al. pointed out the benefits related to the intrinsic features of sliding vane expanders for ORC applications with respect to turbomachines and other positive displacement technologies: simple construction, compactness, lightweight, little maintenance, low noise and vibration, self-starting capabilities as well as tolerance to a wide range of vapor qualities [13, 14] . Furthermore, they carried out a comprehensive modelling activity that became the baseline for most of the theoretical studies dealing with any kind of sliding vane machine [15, 16] . As expander performance improvements, they outlined the need for a proper working fluid selection and a particular care for inlet port positioning, leakages, friction and heat transfer losses. The optimal port positioning was further investigated in [17] with reference to an air vane expander while in [18] , using a semi-empirical model of a rotary vane expander, the Authors pointed out that the delayed closure of the working chambers can largely affect the filling factor. To reduce leakages, multiple design configurations have been proposed; in particular, in [19] , the blades of a CO 2 expander, used to replace the expansion valve in a refrigeration system, were pushed outwards through springs in the rotor slots while in [20] the same goal was achieved through an injection of high pressure gas.
In recent years, a remarkable contribution to the investigation of sliding vane machines has been provided by the Authors through modelling, experimental [21] and numerical research works [22] . In [23] , an experimental campaign on a small-scale ORC expander was carried out using the lubricant of an air compressor as the hot source and resulted in power recovery up to 1.7 kW and ORC efficiency up to 7.7% using R236fa as working fluid. This dataset was further used to validate the numerical CFD simulations on the machine that were performed thanks to a customized grid generation methodology [24, 25] alternative to the one proposed in [26] for the study of a dual stage sliding vane expander for ORC automotive applications operating with R245fa. Later experimental works on larger and more advanced sliding vane expander prototypes were carried out still for low temperature applications and using R236fa; in particular, mechanical power recovery up to 3.2 kW and 3.7 kW and mechanical efficiency equal to 71.8% and 81.5% were achieved with respect to a simple and a regenerative ORC plant layouts [27] .
Other research groups active in the sliding vane field have been looking at multi-vane expanders in domestic combined heat and power systems using ORC. In particular, numerical and experimental investigations were carried out on a four vane machine operating with R123 and at manometric pressure ratios between 1.54 and 4.33. Unlike the previous research groups, the experimental campaign was herein carried out at different revolution speeds and resulted in isentropic efficiencies in the range 17.2-58.3% [28] . On the other hand, a vane expander for micro-ORC application fed by boiler and working with R141b was experimentally investigated in [29] and resulted in a power output of 185 W in the optimal operating point at 4100 RPM. Smallscale systems working with siloxanes and developed in [30] reported design isentropic efficiency of 40-58% and mechanical power output in the range of 1-8 kW.
From the analysis of the literature, it can be therefore concluded that positive displacement vane machines can be a promising technology in the ORC field. However, in order to gain competitive advantage, together with lower manufacturing complexity and number of components, suitable performance levels must be reached. Past and current research efforts have been trying to tackle this challenge aiming at a reduction of volumetric and friction losses as well as to increase power density. Nonetheless, in the waste heat to power conversion field, the most valuable performance figure is eventually the net power output that an expander is able to provide rather than solely its overall efficiency.
For these reasons, in the current work we propose a novel concept to enhance the capabilities of positive displacement expanders which aims at maximizing the power recovery: the idea is to use a hot fluid injection at suction conditions to supercharge the expander cells during the closed volume expansion phase. The supercharging technique is firstly presented in conceptual terms. A numerical model of a small-scale sliding vane ORC expander without supercharging is then introduced and validated using an experimental dataset related to an automotive application. Subsequently, the supercharging line is implemented in the expander model, parameterized in terms of four geometrical quantities and benchmarked with the non supercharged configuration through a comparison in terms of angular cell pressure traces. A genetic algorithm is eventually employed to optimize the auxiliary intake line.
Operating principle
The operation of a positive displacement expander can be theoretically broken down in five phases that are repeated every cycle. With reference to Fig. 1a , one can identify the suction phase in which the working chamber is filled with working fluid at high enthalpy conditions (5-1), followed by a closed volume phase in which the increase of chamber volume leads the working fluid to expand (1-2). The work on the moving boundaries of the control volume results in the actual conversion of the flow enthalpy into useful torque at the shaft. Then, an intermediate phase (2-3) may occur depending on the cell pressure value at the end of the closed volume expansion phase (p 2 ) with respect to the pressure imposed by the equipment connected downstream of the expander (p out ), e.g. the condenser pressure in ORC and steam applications or the atmospheric one for air expanders. In particular, if p 2 > p out an under-expansion takes place while if p 2 < p out the overexpansion is followed by a compression process up to p out . Afterwards, during the discharge (3-4), the emptying of the expander cell takes place and it is followed by a final angular step in which its volume goes back to initial conditions (4) (5) .
In theoretical terms, suction and discharge are isobaric processes while the closed volume ones are adiabatic transformations. On the other hand, over and under expansions, which do not occur if the expander is well designed (p 2 =p out ), are isochoric processes. The net work per cell and per cycle is the area of the indicator diagram, as reported in Eq. (1).
With respect to this baseline configuration, the operating principle of the proposed supercharging technique relies upon an auxiliary suction phase that occurs during the conventional closed volume expansion. In particular, supercharging the working chambers through an additional amount working fluid at suction conditions allows the cell pressure to raise and, in turn, the power density of the machine to increase without major design changes. This can be seen from the area of the modified indicator diagram shown in Fig. 1b .
The concept of supercharging has been previously applied to internal combustion engines. In particular, centrifugal as well as screw [31] and roots blowers [32] technologies have been used and they are now being reconsidered for hybrid and downsized vehicles [33, 34] . Compared to engine supercharging, the expander supercharging that we propose has two major differences. The additional amount of working fluid that the supercharging provides is in fact not supplied to the conventional intake line of the expander but through an auxiliary connection placed downstream the conventional one. Moreover, there is no need of an external device that would require a power input from either the expander shaft or elsewhere since the additional amount of working fluid is supplied through a greater load on the pump of the ORC circuit, which deals with a liquid medium.
The application prospects of this technique are multiple. Indeed, an auxiliary intake line could be potentially installed to any positive displacement expander regardless of the technology. However, those machines that are characterized by simpler geometries would be more suitable to accurately locate the supercharging port. The application potential ranges from air to steam expanders as well as in expanders for heat to power conversion based on Organic Rankine (ORC) or Trilateral Flash cycles (TFC). In particular, the more the density drop during the expansion, the more effective the supercharging will be.
Numerical model
The sliding vane expander modelling was carried out with reference to a one-dimensional methodology implemented in the commercial software GT-SUITE™ v2017 [35] . This approach is a tradeoff between computational cost and accuracy. In fact, the lumped parameter simplification for the flow field in the expander cells as well as through the clearance gaps reduces the modelling effort and potential but, at same time, allows for fast simulations that are also suitable for optimization studies. A thorough explanation of the modelling methodology is available in references [36, 37] . Nonetheless, in this paragraph the fundamentals and all the parameters considered in the expander modelling are reported for future reproducibility of the results.
The modelling approach considers a transient one-dimensional formulation of the conservation equations at the inlet and outlet ducts. The expander cells and the intake and exhaust manifolds are treated as capacities of variable and fixed volume respectively while the leakage paths are modelled using isentropic nozzle relationships. As concerns the friction modelling, four main locations are taken into account. Between blade tip and stator as well as between blade sidewalls and rotor slots, both dry and viscous friction phenomena apply. Conversely, between rotor and end wall covers, and at the bearings dominant friction is the viscous one. Hence, except for the bearings, the abovementioned friction locations are also characterized by leakage flows.
In the model block diagram reported in Fig. 2 , the different leakage paths are highlighted through different colors. On the other hand, the black connections represent pressure signals between the cells and the shaft module for power calculations. Pressure and speed data are eventually transferred to the friction module to compute the mechanical losses. The geometrical features of machine are essential to set up the numerical model. These input data refer to the overall dimensions of the machine as well as to the angular positioning of intake and exhaust ports. Details for the sliding vane expander herein investigated were retrieved from CAD measurements and are reported in Table 1 . With regards to the angular reference, it is worth to mention that most of the literature studies on vane machines consider as reference angular position the one in which one of the blades is completely inside the rotor slot, i.e. at the point in which rotor and stator are nearly tangent (Fig. 3a) . On the other hand, for the implementation of the port positioning in the software platform, the reference angular position considers the bisecting line of the cell rather than the one of the blades (Fig. 3b) . Hence, the angles are shifted of half vane width (25.7°in the current case). Table 2 reports a summary of the port positioning with reference to the two approaches. In particular, the expander is characterized by a radial intake port located on the stator and two axial discharge ports located on the end wall covers.
Besides the geometrical information, there are a series of input data that do not have a direct correspondence to the machine geometry or that are difficult to estimate from commonly available data, namely the equivalent diameters of the orifices that represent the leakage paths and the dry friction coefficient. These parameters were calibrated during the model validation by minimizing the root mean squared error (RMSE) between simulated and experimental values of mass flow rate and torque in the operating points discussed in Section 4. Final values are reported in Table 3 . The implementation of the supercharging technique in the expander simulation platform has been carried out through an auxiliary intake line in parallel with the existing one, i.e. fed by the same pressure and temperature boundary conditions. In the modelling scheme of Fig. 2 , the existing intake line is reported in red while the auxiliary one is shown in green.
A supercharged sliding vane expander would be essentially characterized by an additional groove on the stator surface and an extra inlet pipe. Therefore, with reference to Fig. 4 , the auxiliary intake line is fully defined by four parameters that are related to the angular position (ϑ 0 ), extension (Δϑ) and the axial length (L 0 ) of the auxiliary radial intake port, as well as by the diameter of the pipe which feeds the port (D 0 ). This latter parameter could also be representative of a valve opening.
Outlet pressure and temperature values, together with the expander speed, are the other boundary conditions. The numerical method considered is instead a 5th order explicit Runge-Kutta with a crank angle step of 0.5°. Average duration of a simulation using 1 logical processor of an Intel® Core™ i7-6700 CPU @ 3.40 GHz was 85 s while RAM usage was 500 MB.
Experimental validation
Prior to the implementation of the auxiliary intake line, the baseline sliding vane expander model, i.e. without supercharging, has been validated with respect to an experimental dataset. The measurement campaign refers to an automotive heat to power conversion application based on bottoming thermodynamic cycles. In particular, the expander was installed on an ORC system coupled with an IVECO F1C heavy-duty internal combustion engine, namely downstream its aftertreatment section. The ORC system was designed with reference to a usual operating point of the engine, namely 200 Nm at 2000 RPM [38] . Moreover, the ORC loop included a recuperator that allowed an increase of the heat recovery by pumping a greater amount of the organic working fluid (95% R236fa, 5% in mass of POE ISO VG 68 oil). R236fa was selected because of similar thermophysical properties to R245fa but at a much lower cost at the time of the experimental campaign. With regards to the phase of the working fluid during the experiments, R236fa was superheated throughout the expansion process, as it results from the measured pressure and temperature values at the inlet and the outlet of the machine. At the same time, experiments were carried out without exceeding the maximum threshold of 126.85°C to prevent degradation of the organic fluid.
The sensors layout is shown in Fig. 5 together with a picture of the sliding vane expander [39] . A Coriolis flow meter was installed downstream the pump for direct mass flow rate measurement while pressure and temperature sensors were located across the machines and the heat exchangers. In particular, K-type thermocouples were used for the engine exhaust while T-type ones were installed in the refrigerant and cooling loops; this explains the different measurement uncertainty reported in Table 4 . Direct measurement of the expander mechanical power was eventually performed through a torque meter also shown in Fig. 5 . The experimental campaign was carried out with reference to six operating points of the European Stationary Cycle (ESC), a 13-mode, steady-state procedure for emission measurement from heavy-duty diesel engines [40] . The testing protocol including startup and shutdown sequences is reported in Table 5 .
From the ORC system perspective, different mass flow rate and temperature of the heat source implied a change in the operating conditions of the recovery process. In turn, in the tests reported in Table 4 , the expander operation changed in terms of pressure ratio and superheating but slightly with regards to the revolution speed since the machine was connected to a two-pole asynchronous electric motor that was used in generator mode. With reference to Table 4 , energy recovery increases at higher engine loads and revolution speeds due to greater exhaust gas mass flow rates and temperatures that are supplied to the bottoming ORC system. At 3225 RPM and 182 Nm, the sliding vane expander was able to provide up to 1.9 kW in mechanical form (3% of the engine power). Additionally, overall cycle efficiency reached 4.8%. Although the availability of the thermal waste decreased at low regimes, the recovery system was able to perform efficiently also at off-design conditions. At 3225 RPM and 91 Nm, mechanical power at the expander shaft reached 4.4% of the engine shaft power. In all the experiments, overall efficiency of the ORC power unit was always around 4.0%. As concerns the overall expander efficiency, computed as ratio between mechanical and isentropic powers, best performances of 53.3% occurred in the test case closest to the design point. At off-design conditions, characterized by higher heat gain, mechanical power recovered increased due to a higher working fluid mass flow rate and cycle pressure ratio. However, the large superheating in these operating points worsened the expander efficiency because of greater discharge pressures at the condenser.
Based on the experimental dataset presented in Table 4 , the model validation resulted in the errors summarized in Table 6 . Operating points at higher engine loads, which correspond to the highest expander revolution speeds and mechanical power outputs, show the lowest deviations from the experiments in terms of torque and mass flow rate of the organic fluid. Although the error on the flow rate can reach up to 10% and the one on the torque can get closer to 5%, the RMSE values are 5.2% and 2.3% respectively. Discrepancies between model and experiments are due to the number of assumptions made. Among them, the most restrictive one is having fixed the dimensions of the leakage paths regardless of the angular location or the operating conditions. In Table 4 while reference values for the geometrical parameters are D 0 = 4 mm, ϑ 0 = 110°, Δϑ = 5°, L 0 = 10 mm.
fact, actual clearance gaps depend on thermal expansion phenomena as well as dynamic ones. As shown in [21, 22] , the minimum thickness of the liquid film between blade tip and stator results from the forces applied to the rotor blades, which in turn depend on revolution speed, pressure ratio and angular position of the blade.
Results and discussion
Sensitivity analysis
The effects of the supercharging with regards to the four parameters shown in Fig. 4 were assessed with reference to the test D of the experimental campaign in Table 4 , i.e. the one with the lowest discrepancy between measured and simulated performance (Table 6 ). In this first set of simulations shown in Fig. 6 , boundary conditions were experimental the ones. The simulated angular pressure traces, however, do not refer to calculations at constant mass flow rate because of the different geometrical layouts of the auxiliary intake line.
In each subfigure, the results in Fig. 6 consider the variation of only one of the four geometrical parameters that define the supercharging line. For instance, in Fig. 6a the inlet diameter D 0 is varied from 2 mm to 6 mm while ϑ 0 , Δϑ and L 0 were kept at 110°, 5°and 10 mm respectively. On the other hand, in Fig. 6b, D 0 is kept at 4 mm while ϑ 0 is varied from 100°to 120°. The vertical dashed lines refer to the start and the end of the closed volume expansion phase which takes place between the angles ϑ 1 equal to 99.4°and ϑ 2 equal to 180°, as per Table 2 ; the auxiliary intake start angle ϑ 0 is further reported with a longer dashed line style.
Prior to the start of the closed volume expansion phase at 99.4°, a lower pressure can be noticed during the primary suction process due to the mass flow rate distribution between the primary and auxiliary intake lines. In fact, as shown in Fig. 6a , the smaller is the diameter of the auxiliary intake line the more this effect is reduced since the working fluid tends to go more favorably towards the primary intake line.
During the first part of the closed volume expansion phase, the pressure in the expander cell decreases as an adiabatic transformation since heat transfer phenomena between the expander and the environment were neglected in the modelling. Later on, the injection of different quantities of hot fluid inside the expansion cell leads to a deviation from the baseline angular pressure trace. In particular, with a pipe diameter D 0 of 6 mm, the sudden pressure rise outlined in Fig. 1 can be noticed and it stays until the end of the closed volume expansion (ϑ 2 ). The higher cell pressure at the beginning of the discharge in turn leads to an under-expansion and triggers pressure pulsations at the discharge. The amplitude of these oscillations is proportional to the mismatching between cell pressure at ϑ 2 and the condenser pressure; indeed, for smaller supercharging pipe diameters these phenomena are less noticeable.
During the discharge process, whose angular duration does not change since the supercharging does not affect the angular positioning of the exhaust port, the cell pressure depends on the machine geometry as well as on the volume of the outlet manifold which collects the different flow contributions from the emptying expander cells before delivering them to the outlet pipe. For instance, the crest-to-crest measurement of the two waveforms during the discharge provide an angular wavelength of approximately 50°, which essentially relates to the number of vanes of the machine (360°/7). Either way, these under (or over) expansion phenomena must be taken into account in the structural design of a supercharged expander. In fact, above all, the pressure peak at the beginning of the discharge results in a torque peak at the shaft which affects the overall shaft loading spectrum and possibly the machine lifetime.
Another remarkable effect, reported in Fig. 6b , is the angular positioning of the auxiliary intake line. An earlier start of the supercharging leads to an anticipated perturbation of the cell pressure whose effects consequently have a greater impact on the overall indicated power. Nonetheless, for the same injection duration, an anticipated positioning of the auxiliary intake port leads to a lower amount of working fluid injected in the cell due to a lower pressure difference between the cell pressure and the one upstream the expander. Conversely, if the injection of hot fluid is delayed, the supercharging is more effective and allows the compensation of the pressure decrease during the expansion. Table 4 (1.40 kW). Fig. 8 . Contours of optimization function with transition towards the optimized geometrical parameters: simulation points belonging to first generations are shown in white, last ones in black.
Table 7
Summary of optimized power recovery with the optimal supercharged configuration (D 0 6 mm, ϑ 0 91.5°, Δϑ = 5°, L 0 = 10 mm). This fact explains why, in the case of earlier supercharging, the cell pressure at the beginning of the discharge is lower. For instance, when the auxiliary suction starts at 100°, the pressure at ϑ 2 is equal to 9 bar, while if ϑ 0 equals to 120°, this value becomes 10 bar. The 1 bar discrepancy, however, is too little to severely affect the pressure pulsations during the discharge. Due to the one-dimensional formulation of the model, the mass flow rate through the auxiliary intake port is fully defined by the pipe diameter D 0 and the pressure difference between suction conditions and the cell pressure at ϑ 0 . In the range investigated and reported in Fig. 6c , the relative influence of the different injection durations on the angular pressure profile is minimal while the one related to the axial length L 0 is hardly noticeable in Fig. 6d .
Within the ranges considered in Fig. 6 , a larger number of simulations was performed and presented in non-dimensional scale in Fig. 7 . In particular, the chart compares the mechanical power increase of the supercharged cases with respect to the experimental baseline (test D in Table 4 ) of 1.40 kW. Each curve represents the variation of one geometrical parameter with respect to a reference configuration characterized by D 0 = 4 mm, ϑ 0 = 110°, Δϑ = 5°, L 0 = 10 mm in which the mechanical power gain resulted around the 20% (1.68 kW). For instance, reducing the inlet pipe diameter in the auxiliary intake line up to the minimum value (2 mm) does not lead to any mechanical power benefit.
Optimized supercharged configuration
The sensitivity analysis reported in Section 5.1 showed that the geometrical parameters of the auxiliary intake port that mostly influence the expander mechanical power gain are the diameter of the inlet pipe D 0 and the angular positioning of the auxiliary port ϑ 0 . This preliminary study further allowed the reduction of the number of variables to be optimized through a NSGA-III genetic algorithm [41] with population size equal to 50 and with reference to 10 generations. The optimization function aimed at maximizing the mechanical power in the six experimental operating points. The mathematical formulation reported in Eq. Fig. 8 reports a summary of the optimization process within the simulation range considered for the independent variables D 0 and ϑ 0 . In particular, the contours of the optimization function range from 1300 W to 1800 W and tend to increase at higher values of inlet pipe diameter of the supercharging port D 0 as well as earlier starts of the auxiliary intake ϑ 0 , in agreement to what has been presented in Section 5.1. The chart additionally reports the transition from the first generations of simulations to the last, optimal, ones with grayscale color map. The optimal pair of D 0 and ϑ 0 values is 6 mm and 91.5°respectively; with reference to this optimized configuration an overall increase of mechanical power in all the experimental conditions reported in Table 4 was achieved. The results shown in Table 7 report an average mechanical power gain of 50.6%.
Conclusions
In this paper, a novel concept to enhance the recovery capabilities of positive displacement expanders has been presented and investigated through multiple methodological approaches. The idea behind the supercharging technique is to inject fluid at suction conditions during the closed volume expansion process such that the drop in cell pressure due to the expansion is compensated by the additional mass of high enthalpy working fluid. This technique is potentially applicable to any positive displacement expander technology.
The supercharging concept has been firstly theoretically introduced and then further exploited through a one-dimensional modelling of a sliding vane expander for ORC systems. Prior to the implementation of the auxiliary intake line, the modelling platform has been validated with reference to a small-scale sliding vane expander. In particular, the validation was carried out with respect to tests on an automotive ORC application at steady operating conditions in which the expander mechanical power ranged from 0.7 to 1.9 kW while its total efficiency ranged from 47.5% to 53.3%.
The supercharging line was parameterized in terms of four geometrical quantities and the effects on the angular cell pressure evolution and mechanical power gain investigated through a first set of simulations. From this sensitivity analysis it resulted that, for given suction conditions and expander revolution speed, the mechanical power increase due to the supercharging mostly depends on the start angle at which the auxiliary suction takes place as well as on the diameter of the inlet pipe of the supercharging intake line. An optimization study based on a non-dominated sorting genetic algorithm eventually allowed identifying optimal values for these geometrical quantities, namely 91.5°and 6 mm. This optimal configuration led to an average mechanical power gain with respect to the experimental performance of 50.6%.
Future developments of the research activity will aim at an experimental investigation of the supercharged technique to deeply understand potential and limitations of the approach.
